The aim of this study was to evaluate the effects of low-dose tibolone therapy on ovarian area, uterine volume and endometrial thickness, and define the cut-off value of endometrial thickness for curettage during uterine bleeding. We followed 619 postmenopausal women, aged 40-60 years, for two years. There were 301 subjects in the low-dose tibolone treatment group and 318 subjects in the control group. The ovarian area, uterine volume and endometrial thickness in all participants were measured by transvaginal ultrasound prior to, one and two years post enrollment, respectively. Endometrial specimens were collected from all subjects with abnormal uterine bleeding during the follow-up period. We found that the uterine volume in the treatment group was greater than that in the control group, and the difference was significant (P<0.05), but there were no significant differences in ovarian area and endometrial thickness between the two groups (P>0.05). When the cut-off value for endometrial thickness was 7.35 mm, the sensitivity and specificity were 100% and 79.07%, respectively, and 85.71% and 93.02% when 7.55 mm was set as the cut-off during tibolone therapy. The results indicate that low-dose tibolone therapy may postpone uterine atrophy and the cut-off value of endometrial thickness may be appropriately adjusted for curettage.
Introduction
Longer human lifespan has resulted in an increasingly larger menopausal population with over 100 million women in China estimated to be aged between 45-59 years in 2009 [1] . It has been reported that >50% of the women in China, between the ages of 40-59, present with menopause-associated symptoms [2] . Menopause hormone therapy (MHT), also known as hormone replacement therapy (HRT), has been used in China for over 20 years as a major treatment for disorders in periand post-menopausal women [3] . There is a consensus on the timing and guidelines for the use of MHT. In addition to strict adherence to the indications and contraindications of MHT, patients are closely monitored for the potentially harmful side effects of the hormones on target organs. The possible negative side effects may cause fear in patients and even result in discontinuation of the therapy so monitoring and follow-up is of vital importance during treatment. The influence of MHT on the target organs was different in postmenopausal women due to differences in therapeutic regimen, drug dosage and treatment duration, so results are not consistent [4] [5] [6] [7] . Even for identical therapy regimens, studies often yielded different results because of physiological differences in subjects [8] [9] [10] [11] . Moreover, there was no consensus on an endometrial thickness cut-off value for endometrial curettage to control uterine bleeding during post-menopausal MHT.
Tibolone effectively relieves menopause-related symptoms and prevents osteoporosis [12] and is recommended for treating postmenopausal women [13] . The purpose of this study was to evaluate the effect of low dose tibolone therapy on the ovarian area, uterine volume and endometrial thickness by transvaginal ultrasound at three defined intervals, and investigate the optimum cut-off value of endometrial thickness for curettage at uterine bleeding.
Subjects and methods

Subjects
A total of 619 postmenopausal women, aged 40-60 years, who were admitted to the outpatient menopause clinic of the First Affiliated Hospital of Xi'an Jiaotong University between June 2009 and June 2013, were enrolled in this prospective study. The subjects were assigned into the tibolone group (1.25 mg once a day) (n=301) and the control group (n=318). The ovarian area, uterine volume and endometrial thickness were measured by transvaginal ultrasound in all participants prior to enrollment, one and two years post enrollment. Endometrial specimens were collected from all patients who experienced abnormal uterine bleeding during follow-up. The inclusion criteria were as follows: (1) over one-year duration of menopause, serum follicle stimulating hormone (FSH) >40 IU/L, and serum estradiol (E 2 ) <20 pg/mL; (2) development of postmenopausal symptoms; (3) presence of the uterus and bilateral ovary; (4) non-placement or removal of intrauterine device (IUD). Patients who met the following criteria were excluded from the study: (1) previous or current treatment with other sexual hormones; (2) history of coagulopathy or other systemic diseases; (3) development of endometrial disorders or oophoropathy. 
Methods
The maximum longitudinal diameter (D1), diameter (D2) and anteroposterior diameter (D3) of the uterus were measured at the standard plane using a Voluson E6 Color Doppler ultrasound diagnostic system with a 7.5-MHz transvaginal transducer (GE Medical Systems; Zipf, Austria). Uterine volume was calculated according to the following formula: Volume (cm 3 ) = 0.5233 (π/6)×D1×D2×D3 [14] . The thickness of the anterior and posterior layers of the endometrium was measured in the longitudinal section of each uterus in triplicate, and the mean thickness was estimated. Ovarian longitudinal (d1) and anteroposterior diameters (d2) were measured in the ovaries' maximum longitudinal section; ovarian area was calculated according to the following formula: Area (cm 2 )=0.785(π/4)×d1×d2 [15] .
Ethical consideration
This study was approved by the Ethics Review Committee of the First Affiliated Hospital of Xi'an Jiaotong University and informed consent with detailed descriptions of the potential benefits and risks of the study was obtained from all participants.
Statistics
All data were entered into Microsoft Excel 2007 (Microsoft Corporation; Redmond, WA, USA), and all statistical analyses were done in the software SPSS version 11.5 (SPSS Inc.; Chicago, IL, USA). Differences of means of the measurement data were tested for statistical significance with Student's t test, with repeated ANOVA test, while chi-square test was employed to compare the difference of proportions. Optimal cut-off value of endometrial thickness was explored by ROC analysis and AUC score. A P-value <0.05 was considered statistically significant.
Results
General characteristics
During the follow-up period, pathologic examinations were performed on endometrial specimens collected from subjects with abnormal uterine bleeding. There were 49 in the treatment group and 37 from the control group. Two hundred fifty-two and 281 subjects from the treatment and control group were enrolled in TVS monitoring (Fig. 1) . There were no significant differences between the treatment group and control group in age, age at menopause, duration of menopause, age at menarche and body mass index (all P>0.05, Table 1 ).
Ovarian area changes
The average ovarian area of patients in the treatment group and the control group is shown in Table 2 . There was no statistical difference, between the treatment group and the control group, in the average ovarian area at different time periods (all P>0.05).
Changes in uterine volume
The mean uterine volume of the subjects receiving tibolone did not significantly differ from that measured before treatment (P>0.05). However, there were significant differences in the size of uterine volume between before and after treatment in the control group (P<0.05). There were statistical differences between the tibolone group and the control group in the volume of the uterus; the uterine volumes in the tibolone group were larger than those of the control group in the different measurement periods (P<0.05, Table 3 ).
Changes in endometrial thickness
The mean endometrial thickness of patients in the tibolone group and the control group is shown in Table 4 . There was no statistical difference between the tibolone group and control group in mean endometrial thickness in the different evaluation periods (P>0.05).
Pathologic characteristics of the endometrium of subjects with abnormal uterine bleeding
Endometrial specimens were collected from 49 and 37 cases in the treatment and control groups, respectively. Pathologic examination of all samples revealed atrophic endometrium, secretary endometrium, proliferative endometrium, endometritis, endometrial polyps and atypical endometrial hyperplasia. No significant difference was found in the constituent ratio of the pathologic alterations of the endometrium between the treatment and control groups (P>0.05, Table 5 ).
Defining the cut-off value of endometrial thickness during uterine bleeding
When the cut-off value of endometrial thickness was 7.35 mm, the sensitivity and specificity by ROC analysis was 100%, 79.07% and 85.71%, 93.02%, respectively, when the cut-off was set at 7.55 mm (Fig. 2) . The AUC score was 0.96, P<0.05.
Discussion
The ovarian volume decreases after menopause. Theoretically, the feedback made by the exogenous hormones has little influence on atrophy. However, researchers found that there were no statistical differences on the volume of bilateral ovaries in the different menopause stages with MHT, and the volume of ovaries decreased without MHT as a result of aging [16] [17] . Our research showed that the differences in the ovary area of patients before and after treatment with low-dose tibolone were not significant (P>0.05). Although the volume of the ovary showed no difference after the treatment compared with that before the treatment, the control group also showed no statistical difference during the whole time period. Some researchers thought that the reduction of the area of the ovary to half of its size required a longer period of time (more than 5 years) [18] , so extending the follow-up time is needed for further researches.
Existing studies have shown that MHT is related to ovarian tumors [19] [20] and is closely related to the length of time it was used. The hazard ratio of ovarian tumors was 1.58 [21] for MHT for 5-6 years. For >10 years of MHT, the risk increased slightly [22] and more than 14 years of usage increased the risk ratio to 2.2 [23] . In our study, we did not find ovarian malignancy, which indicated that tibolone therapy for two years was safe for the ovary.
A study reported that the uterine volume began to shrink visibly 2 years after menopause and mainly happened in 3-5 years [18] . It has been reported that the volume of the uterus in the treatment group was not statistically different from that of the control group with low level tibolone treatment for the 13-15 months and 12-24 months [4, 16] . In our research, the degree of uterine atrophy with the low-dose tibolone treatment was much smaller than that of the control group (P<0.05), suggesting that low-dose tibolone may slow down uterine atrophy, which is not consistent with previous reports [4, 16] . The reason for the difference may be related to the study population. Females who went into early menopause were the subjects of our study and their average menopause time was 3.04±0.89 years, which is the critical period of uterine volume contraction [18] , and hormone therapy largely affected the volume of the uterus.
Some studies have shown that short-term tibolone therapy resulted in mild proliferation of the endometrium, which was more remarkable than estrogen-progesterone treatment, while long-term treatment with tibolone led to an atrophic endometrium [9] [10] [11] . Another study revealed that postmenopausal women given a low-dose of tibolone for 12 to 24 months were found to have a larger endometrial thickness than those without therapy [4] . Our findings showed that endometrial thickness in patients treated with tibolone at a daily dose of 1.25 mg was similar to that in patients before therapy in the both the treatment and control group (P>0.05). Our results are not entirely consistent with the previous research and this may be associated with different study durations.
A 15% incidence of endometrial polyps was reported within 2 years of tibolone therapy [24] . Histological detection of endometrial specimens collected from women undergoing tibolone treatment revealed that the proportion of changes of proliferative phase endometrium increased and the proportion of atrophic endometrium declined [25] . Another study showed a low prevalence of endometrial hyperplasia [26] . In the present study, we found that there was no significant difference in the proportion of pathologic alteration of the endometrium at abnormal uterine bleeding between the treatment and control group (P>0.05).
Meta-analyses recommend 3-5 mm as the cutoff value of endometrial thickness during postmenopausal uterine bleeding [27] , while the guidelines of the American College of Obstetricians and Gynecologists defines 5 mm as the cut-off value for endometrial curettage, with a sensitivity of 90% and negative predictive value of 99% [28] , which has been widely employed in China. Hanegem and colleagues [29] reported a sensitivity of 95% and a specificity of 47% when using the 4 mm cut-off value of endometrial thickness, and a sensitivity of 88.6% and a specificity of 90.6% when using 6 mm as the cutoff. It was considered that endometrial curettage was not needed in women who received MHT and had an endometrial thickness of <8 mm due to the effect of exogenous hormones [30] . Our findings showed 100% sensitivity and a specificity of 79.07% when using 7.35 mm as the cutoff value; a sensitivity of 85.71% and a specificity of 93.02% when using the 7.55 mm cut-off value.
In conclusion, the study demonstrates that tibolone therapy for two years does not exert a remarkable effect on ovarian area, endometrial thickness and pathologic alteration during uterine bleeding and it may delay uterine atrophy. An increased cut-off value of endometrial thickness is suggested for curettage if uterine bleeding occurs during tibolone therapy. However, further large-scale, long-term evaluation is required to validate our findings. 
